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Recently, researchers are trying to incorporate alternative fuels and raw materials (AFR) 
to produce different types of cement like Ordinary Portland Cement (OPC), Portland 
Pozzolana Cement (PPC), Low Heat Cement and others. This incorporation is to avoid 
harmful impacts of AFR and to produce alternative sustainable cement. In this study, 
petroleum sludge (PS) waste, which is a type of AFR, was assessed to be incorporated 
into cement production as a sustainable treatment method for this waste that could also 
provide a low cost production of cement. To achieve the assessment method, PS was 
characterized for its physical, chemical and gas emission features to provide the 
advantages of its use as an ingredient to decrease the consumption of raw materials as 
well as the fuel within the cement plants. After characterization, 1%, 2.5% and 5% of PS 
was blended with the cement raw materials. Then, the prepared samples were 
incinerated within an electric furnace in order to produce the cement. After that, the 
cement produced was subjected to different chemical, structural, morphological and 
other analyses. The findings through this research were promising and the incorporation 
of petroleum sludge into cement plant could provide a sustainable low cost treatment 
method for this waste. The results showed that incorporation of 2.5% of petroleum 
sludge into cement production was considered as optimum and could produce an 
adequate and an acceptable quality of cement. This incorporation was able to decrease 
2.5% of the cement raw materials and provided 2.1% to 2.4% of the energy required to 
produce cement. This research provides a sustainable low cost treatment method of PS 
that offer ultimate elimination of this waste by offering a decrease in the raw materials 














Dewasa ini, penyelidik mencuba untuk menggabungkan bahan api alternatif dan bahan 
mentah (AFR) untuk menghasilkan pelbagai jenis simen seperti Simen Portland biasa 
(OPC), Simen Portland Pozzolona (PPC), Simen Haba Rendah dan lain-lain. 
Penggabungan ini adalah untuk mengelakkan kesan-kesan merbahaya dari AFR dan 
untuk menghasilkan simen alternatif mampan. Dalam kajian ini, sisa enapcemar 
petroleum (PS), yang mana sejenis AFR, telah dinilai untuk digabungkan ke dalam 
pengeluaran simen sebagai kaedah rawatan mampan untuk sisa ini yang juga 
menyediakan pengeluaran simen berkos rendah. Untuk mencapai keadah penilaian, PS 
telah dicirikan fizikalnya, kimia dan ciri-ciri pelepasan gas untuk memberikan 
kelebihan penggunaannya sebagai bahan untuk mengurangkan penggunaan bahan 
mentah serta bahan api di dalam loji. Selepas pencirian, 1%, 2.5% and 5% PS telah 
dicampurkan bahan mentah simen. Kemudian, sampel yang disediakan telah dibakar di 
dalam relau elektrik untuk menghasilkan simen. Selepas itu, simen yang terhasil 
tertakluk kepada kimia yang berbeza, struktur, morfologi dan analisis-analisis lain. 
Penemuan melalui kajian ini adalah memberangsangkan dan penggabungan enapcemar 
petroleum ke dalam loji simen dapat menyediakan rawatan kos rendah yang mampan 
untuk sisa ini. Keputusan menunjukkan bahawa penggabungan 2.5% enapcemar 
petroleum ke dalam pengeluaran simen dianggap sebagai optimum dan boleh 
menghasilkan kualiti simen yang memadai dan boleh diterima. Penggabungan ini 
berupaya mengurangkan 2.5% bahan mentah simen dan menyediakan 2.1% kepada 
2.4% tenaga yang diperlukan untuk menghasilkan simen. Penyelidikan ini 
menyediakan kaedah rawatan PS berkos rendah yang mampan yang menawarkan 
penghapusan muktamad sisa ini dengan menawarkan pengurangan dalam bahan 
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Petroleum sludge (PS) is referring to a thick, viscous (Prakash et al., 2015) intractable 
mixture encountered during the crude petroleum exploration, production, transportation, 
storage and refining processes (Prakash et al., 2015; OPEC, 2016). PS consists of mainly 
water, solids of the crossed geological formations during the drilling operation and 
hydrocarbons that are deduced from both the drilled petroleum itself and the substances 
used for the drilling operation. This waste is generated from the two main operations of 
petroleum production, namely drilling operations during exploration of crude and its 
treatment. PS comprises mainly of water, drilling fluid, substances used for drilling 
operations and solids of the crossed geological formation. The considerable amount of 
PS that is generated every year in the oil producer countries caused several 
disadvantages including the lost of large areas of nature due to their occupancy by the 
disposed sludge and posing serious threats to the environment and the human health. 
Concerns regarding the harmful pollution of PS have attracted tremendous research on it 
to save the environment by reducing its severity. For that, a variety of PS treatment 
methods have been developed, such as landfarming, incineration, 
solidification/stabilisation, solvent extraction, ultrasonic treatment, pyrolysis, 
photocatalysis, chemical treatment, and biodegradation (Hu, Li & Zeng 2013). 
Nevertheless, these methods are associated to several drawbacks such as the high 
treatment cost, the toxic gas emitted to the environment and the remaining ash 
associated to the treatment process. Since PS is considered as waste that could be used 













material (AFR) that could substitute partially or wholly the fossil fuel and the natural 
mineral resources, respectively, in a waste management scheme called co-processing 
(ITDA, 2008). AFR could be generated from industries as residuals over production 
operations or from refused items after being used. The quantity of AFR has increased 
due to increased industrialization to meet economic growth targets. Most of the AFR 
pose acute effects on health and environment through at least one of the four 
characteristics defined by the Code of Federal Regulations (CFR): ignitability, 
corrosivity, reactivity and toxicity (WBCSD, 2005). These AFR materials contain 
several types of poisonous heavy metals and hydrocarbons. Heavy metals may include 
zinc, lead, copper, nickel, chromium and mercury. All the heavy metals could pose a 
significant danger to organisms and the environment through inhalation and leakage into 
the groundwater if the AFR materials are not treated before being disposed of in 
landfills. Hydrocarbons like gasoline, lubricating oil, motor oil, mineral spirits, lighter 
fluid/naphtha, lamp oil, and kerosene (Mowry et al., 2014) also have severe negative 
impacts that should be mitigated or contained. 
On the other hand, in building and construction, cement is considered as one of 
the most important materials, which is used to maintain all the components together. The 
production of cement is raised enormously during the last decades because of the urban 
development (Chen, Hong & Xu, 2015). However, cement production is a very energy-
intensive industry. Moreover, industries are facing major challenges regarding the 
number of energy resources invested in the production process, as well as the 
greenhouse gases emitted and air pollutant (Uwasu, Hara & Yabar, 2014). Therefore, 
due to the potential of PS, it could be investigated to be used as an alternative fuel to 
supply the cement kiln. Also, inorganic ashes remaining from the burning of sludge 
could be incorporated into molten clinker phases to reduce the materials required for 
cement manufacture (sand, clay, iron ore and limestone) into some extent. More 
advantage of this application over conventional combustion may include the destruction 
of any dioxins or furans produced during combustion due to the high kiln temperatures 
involved (Rodríguez et al., 2013). In addition, the potential reduction in CO2 emissions 
from cement manufacturing is an advantage due to lower carbon content in PS relatively 













This study is an attempt to incorporate PS waste into cement production. This waste was 
investigated as an alternative fuel that could be used to supply the cement kiln with the 
emitted gas from burning of this waste within the cement kiln. Thus, the fuel needed to 
produce cement could be reduced. Furthermore, the ash that would be produced as a 
residue through the burning process of PS could be incorporated as an additive material 
with the cement raw materials. Thus, incorporation of PS could also reduce the raw 
materials amount needed for the cement production. 
1.2 Problem statement 
Oil companies generate toxic pollutants towards the environment in terms of air, water 
and soil. This is because a huge quantity of petroleum sludge (PS) waste is produced 
from the petroleum industry during its crude oil exploration, production, transportation, 
storage, and refining processes (Hu et al., 2013). PS is considered as recalcitrant 
hazardous waste that may adversely affect the environment and the living things in case 
of improper disposal. Nevertheless, since PS contains high amount of hydrocarbons and 
heavy metals, recycling of this waste can be used as source of energy and source of raw 
material that provide an economic added value for different industries (Huang et al., 
2017). In Algeria, one typical drilling well generates around 1500 m3 of PS. By counting 
more than 200 wells perforated every year, the generated PS would result in a quantity 
of around 300000 m3, which is a huge amount. Therefore, in this context, this waste 
needs to be eliminated from the environment to avoid the recalcitrant sources of 
pollution that are accumulated especially hydrocarbons and heavy metals as they present 
the major sources of PS danger. Disposing of PS without treatment leads to migration of 
its toxic components into surface runoff and groundwater; thus, affecting the living 
organisms. In addition, the increasing amount of PS occupies hundreds of hectares that 
lead to significant danger zones (Ling & Isa, 2006). Hence, an elimination process or a 
treatment plant of PS is very important to eliminate this waste. 
On the other hand, the demand for cement shows an increase during the last few 
years due to the importance of this material in building and construction. In Algeria, the 
first company of cement, which named Industrial Group for Algerian Cement (GICA), 













production is associated with several issues such as the natural resources depletion due 
to the high demand as well as the usage of vast amounts of fuel. These disadvantages 
justified the need of sustainability in cement production (GICA, 2017).  
However, previous studies have used different methods to treat PS, such as 
incineration, stabilisation/solidification, oxidation, biodegradation and others. However, 
all these methods are associated with various disadvantages and resulted in limited 
efficiencies towards some sources of danger (Hu et al., 2013). It was reported that 
burning of PS is a promising method, which offers complete combustion of this waste 
and provides an alternative source of fuel that could be used for different purposes. 
Nevertheless, the generated ash through burning of PS and the expensive cost are the 
major shortcomings of this treatment method; thus, burning of PS needs more 
improvements. One of the alternative solution is to use this waste as an ingredient with 
the cement raw materials, which is leading to the elimination of hydrocarbon content 
and the encapsulation of the remained ash within the cement matrices formed (UNEP, 
2010). In addition, PS will not require extra fuel or energy to be treated.  
Due to very limited studies on the reuse of PS to produce sustainable cement, the 
focus of this research is to determine the efficiency of incorporating PS into cement 
production by taking the advantages to fully utilise this waste as a supplementary source 
of energy that will reduce the fuel consumption within the cement kiln and to reduce the 
raw materials needed for cement production. In addition, this study aims to eliminate the 
hydrocarbons and the heavy metals that are associated to PS. 
1.3 Aim and Objectives 
The aim of this research is to eliminate PS from the environment by incorporating it into 
cement production. For that, the objectives of this research are: 
1. To characterize petroleum sludge (PS) in terms of heavy metals and 
hydrocarbons; 
2. To assess PS as fuel support to supply the cement plant  by identifying the 
parameters affecting its incorporation; 
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